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INTRODUCTION 


It has been engineering practice to calcu- 
late surface temperaturesin heated materials 
on the assumption that the heat loss at the 
surface is a linear function of surface tem- 
perature. While this procedure is not theo- 
retically precise, it has sufficed so long as 
the expected range of surface temperatures 
was not too high. In recent years, with the 
growing interest in higher temperature 
phenomena, there has been the need for 
calculations using the theoretically more 
precise Stefan-Boltzmann fourth-power law. 
Jaeger (1) has calculated temperatures in a 
semi-infinite slab cooling by reradiation to 
the temperature of its surroundings assum- 
ing fourth-power reradiation and Robertson 
(2) at the National Bureau of Standards has 
calculated temperatures at various depths 
in a heated semi-infinite slab also assuming 
fourth-power reradiation. 

It is of interest to consider the rise of 
temperature in a finite rather than semi- 
infinite slab since in practice materials sub- 
jected to heating may be too thin to justify 
classing them with semi-infinite slabs. At 
one extreme it is clear that sufficiently thin 
slabs may be considered isothermal, and 
at the other extreme sufficiently thick ma- 
terials may be considered semi-infinite. In 
the present paper, temperature rises in slabs 
heated at a constant rate are calculated for 
several thicknesses, and the transitions from 


'This paper is based on a thesis submitted by 
the author in partial fulfillment of the require- 
ments for the M. S. degree in physics at the Uni- 
versity of Maryland. 


thin-isothermal to finite and from finite to 
semi-infinite temperature behavior are 
demonstrated. 

The distinctions between thin-isothermal, 
finite, and semi-infinite behavior are not 
merely based on physical thickness. Rather 
they are dependent on time as well. Heat 
travels at a finite rate through a material. 
At times so short that the heat has not 
reached the rear surface, finite thickness 
can have no effect and the behavior of a 
finite slab cannot be differentiated from 
that of a semi-infinite slab. At times so long 
that the heat has not only reached the rear 
surface but has had time to produce tem- 
perature equilibrium in the material, the 
material should be treated as an isothermal 
slab. 

The specific assumptions of this paper 
are these. A finite slab of thickness L (cm) 
is subjected to constant irradiance H 
(cal/em?-sec) at its front surface where the 
absorptance is A. We are concerned only 
with variations in temperature as a function 
of depth x (cm) since we assume the slab to 
be uniformly irradiated over such large 
transverse dimensions as to eliminate tem- 
perature gradients in the transverse plane. 
The slab is opaque, homogeneous, and its 
thermal properties are assumed constant 
over the range of calculated temperatures. 
The rear surface of the slab is assumed 
adiabatic. (This last assumption is made for 
convenience in the calculations but should 
cause little error in the transient behavior 
calculated here. Throughout most of the 
heating times considered, the temperature 
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at the rear surface is far below that at the 
heated surface. Thus, cooling which depends 
on the fourth power of temperature may be 
neglected.) A final assumption is that the 
slab is initially in equilibrium with an 
environment whose temperature 7) re- 
mains fixed at 300°K. 

The nonlinear boundary condition pre- 
sented by the fourth-power law for surface 
radiation makes unfeasible such standard 
methods of temperature calculation as 
Fourier analysis or the method of Laplace 
transforms. The method of analysis adopted 
here is the finite difference method of Dusin- 
berre (3), the details of which appear in the 
section on method of calculation. 

While the results of this paper have been 
given in terms of fixed values of parameters 
and for steady heating, the method can be 
readily generalized to accommodate tempera- 


ture-dependent parameters and_ variable 
heat inputs. 
METHOD OF CALCULATION 


The assumption of uniform heating over 
a large transverse dimension has converted 
the problem to one-dimensional form. Ac- 
cordingly, the governing equation for tem- 
peratures within the slab is the one-dimen- 
sional Fourier equation (4) 


a 2 10T 


Ox? hat (1) 


where 7 is temperature (degrees Kelvin), 
h is thermal diffusivity (em?/sec), and ¢ is 
time (sec). 

At the heated surface continuity of heat 
flow leads to the boundary condition 


oT ? 
7 (27) (2) 


where o is the Stefan-Boltzmann constant, 
¢ is the emissivity, and k is thermal conduc- 
tivity (cal/em-sec-°C) 

At the rear surface (x L) we have the 
adiabatic boundary condition 


oT ' 
(4) =o (3) 


The initial condition is T = Tp for all z 
when ¢ = 0. 
Following Dusinberre (3) we now proceed 


AH — oe(T™ — T,') = 
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to generate the difference equations eqiiiva- 
lent to equations (1), (2), and (3). We 
consider the slab to be made of a succession 
of elements of length Ax except that, 
approximate surface behavior more closely, 
we choose the surface elements to be of 
length Az /2 as in the sketch. 


Ss ! 2 j jel 

5 te KR AE aE eT T3 mar] 
Ax Ax Ox Ax Ax 

2 : 








Heat balance for the jth element expressed 
in difference form leads to the expression 


K(T ja 1 - T;) KT i41 = T;) 
Ar wae eae 
(4) 
_ & Ar(T; — T;) 
ee ee ays 


where 7; is the temperature of element j at 
time ¢ and 77’ is the temperature of element 
j at time ¢ + At. 

A simple rearrangement leads to 


T 34 — 27; + Twa = Stel (T;' — T;) 
showing that the quantity 
M = (Axr)?/hAt (5) 


is a dimensionless modulus of the problem. 
(The quantity 1/M is sometimes called the 
Fourier modulus.) Solving for 77’, we ob- 
tain 


T/ = T,(1 — 2/M) 
+ W/M(Ti4 + Ti) 


which is the equivalent in difference form of 
equation (1), the Fourier equation. 
Equation (6) shows that M must be 
greater than or equal to 2, for with I less 
than 2, 7,’ has a negative dependence on 
T; . In other words, future temperatures at 


(6 





element j will be less the higher the present 
temperature, a physical absurdity. 

In the present paper the choice M = 3 
has been made giving 


(Tin + Tj) + Ti)/3 7) 
as the difference equivalent of Fourier’s 


equation for temperatures at interior points 
of the slab. 
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. 2.—Temperature rise at selected depths in 0.1-cm slab. 





343 








344 


Heat balance for the heated surface ele- 
ment expressed in difference form leads to 
the expression 


Ts’ = (2/3) {T: + Ts/2 + Axr/k 
[AH — o¢(Ts* — To')]}, 


which is equivalent to the exact boundary 
condition (2). In difference form the 
adiabatic boundary condition at the rear 
surface becomes 


Tr = Tr-1. (9) 


Note that it is possible to determine the 
equilibrium temperature directly without 
going through the many iterations of the 
difference method. Inspection of equation 
(8) shows that as the slab heats up the term 
in 7s* grows until, in the limit, the term 
in brackets goes to zero at the point where 
reradiation just balances out the surface 
heating. Equilibrium temperature then is 
given by 


T seq = (AH oe a T o*)'4. 


(8) 


(10) 


The same result is inherent in the exact 
boundary condition (2). 

As pointed out in the introduction the 
temperature response of the heated finite 
slab has two limiting behaviors. At early 
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times the behavior should be characteristic 
of heated semi-infinite slabs, and at late 
times it should be characteristic of thin, 
isothermal slabs. The surface temperature 
rise in a semi-infinite slab heated at constant 
rate and without loss is (4) 


T — Ty) = (2AH/k) Vht/x. (11) 


The temperature rise in an isothermal 
slab of thickness L heated and reradiating 
from one surface in the same manner as 
the finite slab is obtained rather simply. 
The heat balance equation for such an 
isothermal slab is 


AH — oe(T* — To) = (kL /h)dT/dt. (12) 


AT = 


The equilibrium value of 7’ is given by the 
expression previously obtained for the finite 
slab 

T., = (AH/ce + To*)'*. (13 


(The subscript S has been dropped because 
the slab is isothermal.) 


Let T’ = T/T,, and let b = hoe/kL. 
Then (12) becomes 
dT’/(1 — T’) = bT, *dt, (14) 


a simple differential equation with variables 
separable. When ¢ = 0, T = To, and 
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Fic. 3.—Transition between semi-infinite no-loss results and finite-isothermal (with-loss) results. 
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T,/T,,. Then the solution of 


(15) 
—tan™' Ty = 2bT,,*t 





A plot of equation (15) in a form giving 
AT = T — Tp versus bT,,‘t for various 
values of 7',, appears in Fig. 1. It is assumed 
that 7) = 300°K. 


RESULTS 


Solutions of difference equations (7), (8), 
and (9) were obtained for four choices of 
slab thickness L = 10-*? cm, L = 0.1 cm, 
L = 1cm,and L = o. Values of H chosen 
were 5, 10, and 20 cal/cm?-sec. Absorp- 
tance and emissivity were set equal to 0.9. 
Except for the case L = 10-*? em, the values 
h = 10° and k = 4.5 X 10~ were used. 
In this one case the values were h = 10 
and k = 2.0 X 10~*. These choices of h 
and k correspond roughly to the thermal 
behavior of such nonconductors as rubber, 
wood, and asbestos at room temperature. 
The choices of irradiance, absorptance, 





and emissivity restrict the problem to 
relatively moderate temperature rises (less 
than 2000°C). The initial temperature of 
the slab and its surroundings was assumed 
to be 300°K. 

The numerical solutions of the difference 
equations were carried out on the LGP-30 
electronic digital computer. The computer 
program in essence is very simple. It calls 
first for a solution of equation (8) to obtain 
a new value of surface temperature 7's’ 
and then for a solution of equation (7) to 
obtain new values of temperature at depths 
within the slab. From there the process 
simply iterates. 

Typical time-temperature-depth results 
are shown in Fig. 2 for a 0.1 em slab. The 
equilibrium temperature is 1956°K. The 
-alculations were made using a grid size 
of Ax = 0.025 cm and At = 0.2083 sec. 

Fig. 3 illustrates the transition between 
semi-infinite behavior of the temperature- 
response curve at early times and finite- 
isothermal behavior at late times. Here 
the temperatures in a finite slab (ZL = 0.1 
cm) with loss are compared with those in a 
semi-infinite slab without loss (equation 
(11)) and with those in a finite-isothermal 








346 





slab (thickness also L = 0.1 em) with loss 
(equation (15) and Fig. 1). At times less 
than one second temperatures in the finite 
slab with loss are very nearly the same as 
those in the lossless semi-infinite slab. 
At times greater than ten seconds tempera- 
tures in the finite slab with loss become 
very nearly the same as those in the iso- 
thermal slab with loss. 

It is apparently characteristic of the 
approximations used in the calculations 
that the first value of AT is always too high. 
Thus in Fig. 3 the first point on the finite- 
with-loss curve lies above the semi-in- 
finite no-loss curve. The same effect was 
noted in other calculations (not shown here) 
as well. 

In Fig. 4 curves of temperature rise vs 
the composite variable AH Wht/k are 
shown for three thicknesses and the single 
rate of heating AH = 4.5. It is apparent 
that the results are nearly thickness-in- 
dependent until AH ~Vht/k = 400. Similar 
plots (not shown here) indicate a divergence 
point at AH Vht/k = 800 when AH = 
9.0 and AH Vhi/k = 1500 when AH = 
18.0. Thus the results may be said to be 
approximately thickness-independent for all 
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the cases examined here provided V hit/k 
< 8/9. Alternatively, this criterion can be 
viewed as the criterion for approximaiely 
semi-infinite, no-loss behavior. 

Surface temperatures calculated for the 
semi-infinite slab with loss were not siguif- 


icantly different from those calculated 
for the one centimeter slab having the same 
thermal properties and heated at the same 
rate. 
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We take pride in the fact that we are thinking animals, and like to believe 
that our thoughts are free, but the truth is that nine-tenths of them are rigidly 
conditioned by the babbling that goes on around us from birth, and that the 
business of considering this babbling objectively, separating the truth from 
the false, is an intellectual feat of such stupendous difficulty few men are 
ever able to achieve it—H. L. MENcKEN. 
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BIOCHEMISTRY.—I/nhibition by testosterone of cortisone-induced liver glycogen 
formation. W. C. Hess and I. P. SHarrran, Department of Biological Chem- 
istry, Georgetown University Schools of Medicine and Dentistry. 


(Received October 8, 1958) 


The glyconeogenic activity of cortisone is 
accompanied by negative nitrogen balance 
(1, 2). The administration of testosterone 
leads to positive nitrogen balance (3). It is 
conceivable that the anabolic action of tes- 
tosterone could offset the catabolic action 
of cortisone and in so doing prevent deposi- 
tion of liver glycogen. A series of experi- 
ments were designed to test this idea and it 
was found valid for liver but not for muscle. 

Methods.—White rats, Wistar strain, 
100-150 g were given 5 mg of testosterone 
propionate intramuscularly on each of two 
successive days. They were then fasted for 
24 hours to deplete liver glycogen to 0.1 
percent. A third dose of 5 mg of testosterone 
propionate was injected at the end of the 
fast; at the same time the test substances, 
500 mg DL-alanine, 5 mg/100 g body weight 
of cortisone acetate or both alanine and 
cortisone acetate, were given. The methods 
of administration of alanine and cortisone 
acetate and determination of liver and mus- 
cle glyeogen were previously described (2). 
Four to six rats were used in each experi- 
mental period, and the animals were sacri- 
fieed at intervals up to 48 hours after the 
test dose. 

Results—Liver glycogen values are given 
in Table 1. As found previously, cortisone 
acetate alone produced a marked and pro- 
longed increase in liver glycogen. DL-ala- 
nine produced an increase up to 6 hours, 
DL-alanine and cortisone acetate produced 
an initial peak at 6 hours, followed by a 
decline and a second prolonged rise. Testos- 
terone had a slight but not significant inhibi- 
tory effect on the production of liver glyco- 
gen from DL-alanine. Testosterone had a 
very marked inhibitory effect upon forma- 
tion of liver glycogen from cortisone and 
also from the combination of cortisone and 
DL-alanine. In the latter experiment, tes- 
tosterone appeared to inhibit to some ex- 
tent the formation of glycogen from DL- 





*This study was done under a contract with 
the Atomic Energy Commission. 


alanine. The sums of the glycogen produced 
by testosterone plus cortisone and testos- 
terone plus DL-alanine are greater than the 
amount of glycogen produced by all three. 

The glycogen content of the rectus fe- 
moris muscle of rats fasted for 24 hours 
averaged 0.60 percent. When fed DL-ala- 
nine only, there was no increase in muscle 
glycogen after 6 or 16 hours. Cortisone ace- 
tate produced an increase to 0.70 percent 
after 6 hours and 0.82 percent after 16 hours. 
Testosterone alone also produced an in- 
crease in muscle glycogen to 0.65 percent 
after 6 hours and 0.69 percent after 16 hours, 
while cortisone acetate and testosterone 
formed 0.80 percent glycogen after 6 hours 
and 0.77 percent after 16 hours. Wortman 
and Leonard (4) have reported an increase 
in glycogen content of the rectus femoris 
muscle of the rat following testosterone ad- 
ministration; cortisol also produced an in- 
crease that was greater than that induced 
by cortisone. Leonard (5) reported that tes- 
tosterone alone did not increase liver glyco- 
gen. Tremolieres et al. (6) gave testosterone 
acetate (5 mg/24 hrs) for 4-6 days to ad- 
renalectomized rats and reported significant 
increases in muscle glycogen and, in a few 
-ases, slight increases in liver glycogen. Ap- 
parently the anabolic effect of testosterone 
inhibits only liver glycogen production re- 
sulting from the catabolic activity of corti- 
sone but not that produced from exogenous 
DL-alanine. 

Summary.—Rats were treated with 5 mg 


TABLE 1.—PERCENT LIVER GLYCOGEN 








TIME, HRS. 


——_—_—_— 
4 | 6 | 12/ 16 24 | 48 





Alanine... oot 1.8/2.8/2.2/1.2/0. 1) 
Cortisone....... ; 0.8)1.6)1.7|1.8)2.4/3.8 
Alanine + cortisone 2.3/3 .6/2.8)3.4)4.2/4.9 
- + testosterone 1.8)3.0/2.0/0.9/0. 1) 
Cortisone + testosterone. .|0.7/1.3)1.0/0.8)1.0/1.8 
= 


Alanine, cortisone testos- Bp 30 Fe TR 
terone.... .|1.6)2. 4/1.0/0.7/0.8)1.6 
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of testosterone propionate for two succes- 
sive days, fasted for 24 hours, and again 
given 5 mg of testosterone together with 500 
mg DL-alanine, or 5 mg of cortisone acetate 
or both DL-alanine and cortisone acetate. 
Testosterone did not inhibit formation of 
liver glycogen from DL-alanine; it did de- 
crease the amount formed by cortisone or 
cortisone and DL-alanine. Testosterone in- 
creased muscle glycogen but not as much 
as did cortisone at the levels used. 
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RECENT HONORS 


Dr. Witi1AM G. BroMBACHER has received 
the highest honor of the Instrument Society 
of America, honorary membership, for his 
contributions to the field of instrumentation 
and automation. 


Roman F. GELLER, who retired in 1956 
from his position as chief of the Porcelain 
and Pottery Section of the National Bureau 
of Standards, has been named 1959 recipient 
of the Albert Victor Bleininger Award. The 
award is the highest honor conferred in this 
country for distinguished achievement in 
the field of ceramics, and is presented an- 
nually by the Pittsburgh Section, American 
Ceramic Society. 

Wieser 8. Hinman, Jr., has been awarded 
the Department of the Army Decoration for 


Exceptional Civilian Service for his “excep- 
tional performance of duty as technical di- 
rector of DOFL.” 


Dr. James I. HorrMan has been selected 
to receive the American Chemical Society’s 
1959 Fisher Award in Analytical Chemistry. 
This is the highest recognition for work in 
analytical chemistry in the United States 
and Canada. 


Dr. GreorGE C. PAFFENBARGER was pre- 
sented the 1958 Callahan gold medal by the 
Callahan Award Commission of the Ohio 
State Dental Association “in recognition of 
the high merit of the scientific contributions 
which he has made to humanity and the 
healing professions.” 


NEW APPOINTMENTS 


Dr. ALBerT C. SmitH has been appointed 
Director of the Museum of Natural History 
for the United States National Museum, 


Smithsonian Institution. 


Dr. DonaLp B. McMULLEN is on a 15- 
month leave of absence to act as a consult- 
ant to the World Health Organization, on 
the control of schistosomiasis. He will be in 
Africa and the Middle East. 
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HOLDER AND STEWART: FILED TEETH FROM CAHOKIA MOUNDS 349 


ANTHROPOLOGY .—A complete find of filed teeth from the Cahokia Mounds in 
Illinois. Preston Houper, University of Nebraska, and T. D. Stewart, U. S. 
National Museum, Smithsonian Institution. 


(Received October 20, 1958) 


The importance of the great and essen- 
tially unexplored prehistoric site of the Ca- 
hokia Mounds near East St. Louis, IIl., is 
widely recognized (Titterington, 1938; 
Deuel, 1958). The consensus of archeologi- 
eal opinion assigns the major works to peo- 
ples of a Mississippian cultural orientation. 
The major occupation of the site is thought 
to begin sometime around A.D. 700 to 800 
and to continue to a time shortly before the 
advent of the earliest French explorers. De- 
spite differences of opinion regarding minor 
points, it is generally agreed that the Mis- 
sissippian peoples introduced the use of 
crushed shell aplastic in their pottery manu- 
facture, lived in large village concentra- 
tions, and practiced advanced horticulture. 
In addition, they exhibited a development 
of complex religious practices as evidenced 
by the construction of massive temple 
mounds and the manufacture of an impres- 
sive constellation of ceremonial artifacts. 
Waring and Holder (1945) indicated the 
function of these latter aspects of Mississip- 
pian culture and demonstrated the essen- 
tially local nature of the development of an 
elaborate ceremonial complex. Neverthe- 
less, it was stressed that the ultimate source 
of the impetus for this development lay in 
Middle America. 

Actually, little evidence of this Southern 
Ceremonial Complex has been reported from 
Cahokia, a not conclusive circumstance 
considering the dearth of excavations at the 
site. Still it is clear that Cahokia was a cen- 
ter for the development of many attributes 
of Mississippian cultural development. 
Some insight into its close connection with 
Middle American cultural influences has 
been afforded in recent years by the re- 
peated discovery there of mutilated teeth 
(Stewart and Titterington, 1944, 1946; Tit- 
terington, 1953). As these authors pointed 
out, Cahokia stands as the center for the 
occurrence of this phenomenon in North 
America. However, the examples of dental 


mutilation previously described from the 
Cahokia area either were recognized some- 
time after the original excavation of the 
burials, or were isolated surface finds. The 
precise cultural context and the exact con- 
ditions of occurrence are somewhat obscure 
although there is little doubt of the general 
Mississippian provenience of the trait. 

In 1954 during the course of salvage arch- 
eological excavations in the heart of the 
Cahokia site one of us (P.H.) for the first 
time found a burial with filed teeth in situ. 
This circumstance has provided relatively 
complete and exact information which has 
been lacking heretofore, namely, the condi- 
tions of the burial, the sex and age of the 
individual bearing the teeth, and a good 
indication of the cultural affiliation of the 
burial. It seems worthwhile, therefore, to 
bring the new facts to the attention of an- 
thropologists. 


CIRCUMSTANCES OF THE FIND 


In January 1954, it was reported to the 
senior author that human bones had been 
found by Joseph Berta of Collinsville, IIl., 
at what was later to be called the Rees site 
on the property of the Sand Prairie Hunting 
and Fishing Club about 1.2 miles east of 
Horseshoe Lake and 2.8 miles northeast of 
Monk’s Mound in Madison County, III. 
(see Fig. 1). Ultimately the major find of 
bones was demonstrated to consist of two 
components of a single burial: an articu- 
lated skeleton and a lot of bundled bones. 
The articulated skeleton had filed upper 
teeth as will be described. 

The conditions of discovery were unfor- 
tunate. In the summer of 1952 the Club had 
engaged a tractor to bulldoze off a foot or 
more of the top soil in this vicinity to pre- 
pare it for a picnic ground. At that time 
many fragmentary human bones appeared. 
It is reported that a burial was uncovered 
then which consisted of four adult skeletons 
placed head to head in the form of a cross 
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oriented to the four directions. This feature 
is said to have been back-covered without 
further disturbance. Many other burials 
were disturbed at this time. According to 
observers a small rise was removed by the 
bulldozing; but there was no noticeable 
mound there in 1952. 

In the winter of 1954 a tractor was again 
brought in, this time in order to deepen the 
bottom of Edelhardt Lake which had tem- 
porarily dried up. In turning to handle the 
dirt, the treads of the tractor dug through 
the remaining foot or so of top soil and 
churned up many fragments of human bone 
which later proved to have come from the 
bundled bones Of the burial complex (see 
Fig. 2). The occurrence was reported to Mr. 
Berta, a member of the club, who uncovered 
several of the skulls and bones of the 
bundled burial. At this juncture the senior 
author was requested to examine the find 
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and to explore it further. This exploration 
extended through the week ends of most of 
January and February under weather condi- 
tions not ideal for the exposure or preserva- 
tion of bones. Nevertheless, enough was 
recovered to warrant the following obser- 
vations: 

The site of the discovery is part of a 


‘Richard Rees, proprietor, and Willard Hicks, 
manager of the Sand Prairie Hunting and Fishing 
Club, gave permission to excavate and offered 
continued help and encouragement. Mr. Berta was 
indefatigable in his interests and furnished much 

valuable assistance. Due to his alertness the mu- 
tilated teeth were recognized while the skeleton 
was still in situ. Thanks are given to these and to 
the many others who assisted in the work: Wash- 
ington University students, David Alt, Thomas 
Sweeney, Raymond Collins, Gregory Gregson, and 
others; Leonard W. Blake and Jack Bower of the 
Missouri Archeological Society, and various mem- 
bers of the Sand Prairie Hunting and Fishing Club 
for sundry equipment, advice and sustenance. The 
Illinois State Museum filing number for the site 
is 11 Ms‘52 
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Fic. 1.—Map of the Cahokia area in Madison County, Ill, showing the 
location of the Rees site (11MSv52). 
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rather extensive area of aboriginal occupa- 
tion along both sides of the southeasterly 
tip of Edelhardt Lake. Cursory examination 
revealed surface fragments of pottery and 
other signs of prehistoric occupation. Among 
these fragments there was a majority of 
shell-tempered wares of a general Mississip- 
pian cultural origin. However, there were 
also cord-marked wares present not only 
in shell temper but also in grit and lime- 
stone tempers. These latter wares indi- 
cate non-Mississippian cultural affiliations. 
From this sample and other evidence of 
Woodland occupation which will be men- 
tioned below, we can assume that the site 
was occupied over a considerable span of 
time by several different cultural groups. 
One hundred yards or so to the south of 
the burial location there is at present a 
small rise of about three feet with an irregu- 
larly circular outline some hundred feet in 
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diameter lying along the high land parallel 
to the lake shore. This feature gives every 
indication of being the last remnant of a 
mound that has eroded away through the 
constant plowing of the fields. This feature 
was not explored. Directly across the lake 
from the burial sites some small rises are 
scattered through the woods. Surface con- 
centrations of sherds of a Mississippian cast 
suggest that these are probably the loca- 
tions of prehistoric dwellings. 

Clearly, this burial occurs on a site which 
has long been occupied and which shows 
considerable evidence of an extensive occu- 
pation by peoples of a Mississippian cul- 
tural position. The water passage extending 
unbroken to the center of the great Cahokia 
Mound group no more than three miles to 
the south is suggestive. In combination with 
the concentrations of Mississippian pottery 
this whole complex of factors would seem 
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Fic. 2.—Arrangement of the Rees site burial containing an articulated skeleton and the bundled 
bones of seven other individuals. The upper front teeth of the articulated skeleton are filed. 
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to identify the Rees site as one of the 
mound locations subsidiary to the great 
central group and probably occupied at the 
same time. The exact temporal relationships 
cannot be defined until there is further re- 
search in the area. 

The conditions of the burial complex it- 
self are worthy of some description. For 
some six inches below the new surface the 
soil was disturbed, presumably by plowing 
which had occurred since the bulldozing in 
1952. About six more inches of soil inter- 
vened between the surface and most of the 
bones. In this grey sandy soil the edge of a 
grave-pit could_easily be determined by 
following a half inch layer of hardened and 
compacted sand which marked the edge of 
the ovate basin-shaped pit. The fill of the 
pit showed considerable “mixture” in con- 
trast to the homogeneous grey sand of the 
matrix. In the fill of the pit one red-painted 
shell-tempered sherd was found. This Mis- 
sissippian fragment seemed to have been 
accidentally incorporated in the original fill. 

Within this pit outline were two groups 
of bones: an articulated skeleton laid in a 
supine extended position with its head to 
the south; and a mass of bundled disarticu- 
lated bones from at least seven individuals 
scattered along the easterly side. The ma- 
jority of the loose long bones had been 
placed in the north half of the bundle with 
their long axes oriented north and south; 
the south half was occupied by few long 
bones but was mainly filled with short 
bones, phalanges, vertebrae, clavicles, hand 
and wrist bones, etc.; at least four skulls 
and their disarticulated mandibles were in 
the central part of the heap. No break oc- 
curred in the fill between any of the bones, 
and the grave outline extended unbroken 
around all of them. This constituted a unit 
burial. Since the ribs and short bones of the 
bundled remains extended against and over 
the upper surface of the right humerus of 
the articulated skeleton, we can infer that 
the latter was placed in the pit first, prob- 
ably with the flesh still on the body. 

An extensive rodent run traversed the 
burial pit from east to west. Presumably 
certain bones missing from the central por- 
tion of the articulated skeleton were mis- 
placed by rodent activity. The following 
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bones were missing: the right radius and 
ulna, although the hand was undisturbed; 
the lumbar section of the vertebral column; 
the left radius and all of the right wrist and 
hand with the exception of one terminal 
phalanx; the upper portion of the shaft and 
the head of the left femur. In addition, the 
left tibia and fibula were broken and some 
portions missing. It should also be noted 
that the patellas had been moved. There 
were extensive signs of rodent gnawing 
along the shafts of the left fibula and the 
left femur. The rodent disturbance contin- 
ued in the form of a path or filled-in tun- 
nel directly through the concentrations of 
small bones in the “bundled burial” where 
it was impossible, of course, to tell which 
bones had been moved or removed. 

Aside from the single random red-painted 
sherd found in the fill the only cultural ma- 
terial with the burial was a large plain 
sherd lying between the ankles of the ar- 
ticulated skeleton. This sherd was tempered 
with crushed shell and fits with the de- 
scription of the ware type St. Clair Plain 
(Griffin, 1949), which is the run-of-the-mill 
domestic ware at most Mississippian sites 
of this region. It seems unlikely that this 
sherd was placed in position as an offering; 
it, too, must have been accidentally in- 
cluded in the earth fill of the burial pit. 

Further excavations revealed another 
burial complex, about 10 feet to the north, 
overlaying a pit which contained Woodland 
types of pottery. This burial was itself con- 
tained within a large amorphous pit. It was 
at the same level as the original double bur- 
ial and contained associated pottery vessels. 
One of these was an engraved spurhandled 
beaker. The form of the beaker, the en- 
graving, and the workmanship in general 
demonstrated a late Mississippian position 
for this burial. Unfortunately, in the ab- 
sence of undisturbed overburden the rela- 
tion between the two burial complexes can- 
not even be postulated. 

An additional and incidental find should 
be mentioned. Two loose incisor teeth with 
filed grooves and notches were found by 
Mr. Berta in the surface debris some ten 
or fifteen feet to the north of the original 
burial complex (Fig. 4, bottom). This sug- 
gests that further examples of filed teeth 
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may await discovery at this site despite 
the conditions of disturbance. 


SKELETAL MATERIAL 


All of the bones were in a very poor state 
of preservation, which the severe winter 
weather at the time of excavation did not 
improve. The skulls were fragmented from 
the repeated passage of the tractor above 
them. While in matrix they retained their 
shape, but once removed immediately de- 
teriorated into bits. Every effort was made 
to salvage the skull and other bones of the 
articulated skeleton, because of the filed 
teeth. Of the disarticulated skeletons only 
a selection of long bones and innominates 
was saved in order to determine the num- 
bers of individuals represented and their 
sexes and ages. All the salvaged skeletal 
material was sent to Washington for study 
by the junior author. 

Examination of the articulated skeleton 
in the laboratory showed complete union of 
the primary elements of the innominate, and 
of the epiphyses at the distal end of the 
femur and at the upper ends of the tibia 
and fibula. In white males this stage of de- 
velopment is reached in 100 percent of sub- 
jects at 23 years (McKern and Stewart, 
1957, p. 45). However, the iliac crest is not 
completely ossified in this Indian, whereas 
in Whites the attachment of this epiphysis 
is always complete at 23 (McKern and 
Stewart, 1957, p. 61). Thus a maximum 
male age of 20-22 is indicated. The corre- 
sponding age in a female, which is the sex 
of the Indian skeleton, would probably be 
around 18 months younger (Krogman, 1939, 
p. 16), that is, 18.5-20.5. In view of the fact 
that few populations today come up to 
American growth standards, this prehis- 
toric Indian female likely was younger than 
19. Some support of this view is provided 
by the incompletely formed roots of the 
third molars. 

An indication of this Indian girl’s stature 
is given by the right tibia and right fibula, 
the only long bones complete enough to 
yield measurements of maximum length 
(335 and 331 mm, respectively). These fig- 
ures correspond to the following stature 
estimates for females of the white and Ne- 
gro races (Trotter and Gleser, 1952): 
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White Negro 
eickabtvvasiahaes 62+ in. 61 in. 
i idodctoes 61+ ‘“ 60+ “ 


Since Indians have relatively longer trunks 
than Whites and Negroes, the standard 
long bone/stature regression formulae may 
underestimate Indian stature. 

An attempt was made to restore the skull 
vault to its original shape, but the upper 
face, being very fragile, was left in the 
condition as found (Fig. 3). Undoubtedly 
a little compression of the posterior vault 
(cradle-board deformity) is present. In ad- 
dition, although the upper face cannot be 
properly attached, an unusual amount of 
prognathism, both facial and alveolar, is 
present. The shape of the lower jaw (es- 
pecially the wide gonial angle) and the for- 
ward slope of the upper teeth support this 
conclusion. 

The presence of alveolar prognathism per- 
haps made this girl an especially favorable 
subject for tooth filing. As figure 4 shows, 
the occlusal edge of each of the upper me- 
dian incisors has 4 shallow notches, that of 
the upper left lateral incisor has 2, the up- 
per right lateral incisor one, and the upper 
right canine one. The notches in the lateral 
incisors and right canine, besides being 
more %-shaped than the others, also have 
somewhat sharper margins, steeper sides, 
and are deeper, all of which suggests that 
the filing was done in two stages some time 
apart. The upper left canine has a facet of 
wear just where a notch would be placed. 
It is possible that this wear has obliterated 
the notch, because a very slight groove is 
visible under magnification at the proper 
place. Also, the upper right lateral incisor 
is malformed lingually which may account 
for the absence of a second notch here and 
thus the failure of the filer to match the pat- 
tern on the opposite side. It should be noted 
also that the labial surfaces of the upper 
front teeth lack horizontal striations or 
grooves of an artificial nature (compare 
with the specimens shown at the bottom of 
Fig. 4), and that the lower teeth have not 
been included in the mutilation pattern 
(the overbite would have hidden such al- 
terations when the teeth were in occlusion). 
Under magnification the edges of the 
notches are seen to be smoothed from chew- 
ing. 
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Fic. 3.—Restored skull from the Rees site articulated skeleton. Adolescent female. Note the slight 
posterior cranial compression and the extreme prognathism. See figure 4 for details of the teeth. 
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Fic. 4.—Upper and middle: Upper teeth of the reconstructed skull, showing the pattern of filed 
notches in the occlusal edges; bottom: Three median incisors found loose on the surface, showing horizon- 
tal grooves in the labial surfaces combined with notches in the occlusal edges (Left and middle are a 
ad (female?) from the Rees site; right is a single tooth (male?) from the burial area northeast of Monk’s 
Mound—U.S.N.M. no. 380984). 
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Incidentally, this girl was already well 
on the way to losing, through decay, her 
first and second lower molars on both sides. 
In addition, five other molars show ad- 
vanced caries. 

Turning now to the disarticulated and 
bundled bones, the senior author recognized 
during excavation and kept apart the re- 
mains of a child and of an adult male. The 
child’s temporary teeth are all in place and 
an alveolus for the first permanent molar 
indicates eruption of this tooth, hence an 
age ca. 6 years. Among the other bundled 
bones are parts of an adolescent male ca. 17 
years, and parts.of at least four other indi- 
viduals, mostly adult females. The follow- 
ing maximum lengths were obtained on the 
adult bones: 


Male} Female? 
Humerus, right. . 326 mm 309 mm 
- left 325 -- 
Radius, oe 241 — 
Ulna right... 263 
“left. — 243 
Femur, right Nr.445 431) Pai 
left... _ 430°" 
Tibia, right. . 359 -= 
Fibula, left 348 — 


1 One individual 

2 Probably more than one individual 
Pathological changes were seen in only 
three bones: a tibia and a fibula (general- 
ized osteitis), and a femur (marked rough- 
ening of the linea aspera). 

There remains to comment on the two 
filed incisor teeth found on the surface 10 
to 15 feet from the burial under considera- 
tion (Fig. 4, bottom, left and middle). Size, 
shape and color suggest that these are the 
upper median incisors of a small female. 
Slight exposure of the dentine on the oc- 
clusal edges indicates an adult. Each tooth 
has horizontal grooves and scratches on the 
labial surface and shallow notches on the 
occlusal edge. The variable number and ir- 
regular spacing of these deliberate altera- 
tions suggest careless or amateurish execu- 
tion. The notches (at least two in the one 
shown on the left, and probably four in the 
one on the right) are not A-shaped or 
n -shaped, but have their two sides practi- 
cally at right angles, with one side shorter 
and more vertical than the other, sort of as 
in an inverted check mark (A). Since the 
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edges of the notches are little if any 
smoothed from chewing, it would seem that 
they were executed after the dentine had 
been exposed. 

Another case of this sort (Fig. 4, bottom, 
right), probably the upper median incisor 
of a male, was given to the U. S. National 
Museum by P. F. Titterington in 1948 and 
is said to have come from the burial area 
northeast of Monk’s Mound (Moorehead, 
1928, fig. 1). Here certainly tooth wear has 
nearly obliterated the wide-angled notches 
(2 in number), but the horizontal grooves 
(also 2 in number) remain quite distinct 
and seem to have been made rather care- 
fully. 


DISCUSSION 


The first complete find of filed teeth re- 
ported here, accompanied by descriptions 
of additional surface finds of isolated filed 
teeth, throws new light on a prehistoric cul- 
ture trait of limited occurrence in North 
America. These discoveries further docu- 
ment the concentration of the trait in the 
central portion of the Mississippi Valley. 
If there were doubts concerning the local 
cultural provenience of the trait, it can now 
with certainty be said to be Mississippian. 
Furthermore, the precise determination of 
the details of the burial indicate at least one 
type of burial complex associated with filed 
teeth.” 

The new examples of tooth filing from 
Cahokia resemble those described previ- 
ously (Stewart & Titterington, 1944, 1946; 
Titterington, 1953). Referring to Romero's 
classification (1958, fig. 2), the mutilation 
consists of notches in the occlusal edge, 
ranging in number from 1 to 4 (class A); of 
horizontal grooves in the labial surface 
(class D); or of combinations of the two 
features (class F). The horizontal labial 
grooves have been found only in North 
America. On the other hand, notches in the 
occlusal edge occur rather frequently i 
Middle America and are considered to be 
one of the simplest types of mutilation. 
Notching in this manner was common it 

* This type of burial is reminiscent of the un- 


specified “compound burial” at Cahokia mentioned 
in Stewart and Titterington, 1944, p. 318-9. 
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Mexico during the late periods (i.e., A.D. 
1000 to 1700, see Romero, 1958, table 12). 

In Illinois, just as in Mexico, the total 
pattern of notching appears to have been 
variable. Whether the variations may have 
served as individual or group identification 
markers is a question that must await fur- 
ther evidence. Certainly, the decoration 
would in itself serve to set off the individ- 
ual from the general population. 

The youthfulness of the individual here 
described—around 19 years—is somewhat 
exceptional when compared with the data 
from Middle America. Of the hundreds of 
cases from the latter area studied by Ro- 
mero (1958, p. 224) only two fall within 
the age group 18 to 20 years. It is largely 
because of the age of our specimen that we 
place weight on the evidence for the filing 
having been done in stages; that is, for the 
central incisors having been filed first and 
then after an interval, evidenced by the 
smoothing of the edges of the notches, the 
other front teeth having been filed. We have 
no way of knowing whether ours is an ex- 
ceptional case in this regard. 

A surprisingly large number of cases have 
come to light in the Cahokia area during 
the last 15 years—15 altogether.* However, 
this information, especially as it relates to 
completely documented specimens, is still 
too scanty to indicate the frequency of the 
practice at any given period or at different 
periods. It would be premature, therefore, 
to attempt social interpretations at this 
time. 

In conclusion attention is called to the 
fact that the notches in the Illinois speci- 
mens are not very deep. They thus seem like 
weak and hesitant expressions of the boldly 
cut notches of prehistoric Middle America. 
In this respect the practice of dental mu- 
tilation at Cahokia can now be regarded as 
resembling other Mexican-like traits of the 


*Including four undescribed cases with hori- 
zontal labial grooves donated to the U.S. National 
Museum by P. F. Titterington in 1948 (nos. 380, 

1). These are said to have come from north 
of Cahokia mounds nos. 19 and 20. 


HOLDER AND STEWART: 


FILED TEETH FROM CAHOKIA MOUNDS 357 


Mississippian complex. Despite their un- 
doubted Middle American source they ap- 
pear in the new setting in a context which 
suggests not only attenuation, but also a 
modification and reinterpretation in keeping 
with their local adaptation. 

It seems well to reiterate the need for fur- 
ther carefully planned and controlled ex- 
cavations at the great center of Cahokia. 
If our incidental explorations could yield 
results of this richness, how much more val- 
uable would be a serious program of arche- 
ological investigation. 
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PALEOBOTANY.—New occurrences of the fossil quillworts called Isoetites. ROLAND 
W. Brown, U. 8. Geological Survey. 


(Received September 26, 1958) 


Except botanists, few people are familiar 
with the quillworts (Isoetes). As their com- 
mon name implies, the quillworts have slen- 
der, pointed, although not stiff leaves that 
arise in a close spiral from a short stem or 
corm. In appearance they look somewhat 
like tufts of grass or sedge and may readily 
be mistaken for them. They are chiefly 
aquatic, growing along the muddy shores of 
quiet ponds in nearly all parts of the world. 

On the inside of the base of the leaf, 
which is in reality a sporophyll, is the 
sunken sporangial area that on the outer or 
earlier leaves bears megaspores and on the 
inner or later leaves, microspores. Thus, 
Tsoetes is not a fern but is commonly called 
a fern ally. For further anatomical details 
the reader is referred to my first paper on 
fossil quillworts (Brown, 1939), in which I 
reviewed the distinguishing features of Jso- 
etes as an introduction to the description of 
some fossils whose identity with the quill- 
worts was for a long time unsuspected. In 
that paper I defined two species, Isoetites 
serratus Brown from the Cretaceous, and J. 
horridus (Dawson) Brown from the Terti- 
ary. Since then, as a result of field work and 
a closer inspection of the collections of fossil 
plants in the U. 8. National Museum, new 
localities extending the range of Isoetites 
have been found and some new morphologi- 
cal information has appeared. In one in- 
stance the range of recognizable isoetalean 
remains is greatly extended backward in 
time. 

Not long ago, speculating about the an- 
cestral lineage of the Paleocene Isoetites 
horridus, I was reminded of the illustrations 
of some curious specimens described as Lep- 
acyclotes [properly, Lepidocyclotes] by Ebe- 
nezer Emmons (1856, p. 332, pl. 3, figs. 4, 
6) from the Deep River Triassic coal field 
southwest of Raleigh, N. C., the most recent 
discussion of which is by Reinemund (1955). 
Emmons’s collection of plants from this 
area, long thought to be lost (Ward, 1900, 
p. 274-277; Fontaine, 1900, p. 277-279), 


was found at Williams College, Williams- 
town, Mass., and transferred to the U. §. 
National Museum. Examining Emmons’ 
specimens intently, I presently found fea- 
tures in them that are clearly identical with 
those on the previously described species 
of Isoetites. Lepacyclotes is therefore re- 
named as 


Isoetites circularis (Emmons) Brown, n. comb. 
Figs. 5, 8, 9, 11, 13 
Lepacyclotes circularis Emmons, Geol. rept. mid- 
land counties, N. C. p. 332, pl. 3, fig. 4. 1856; 
American geology, pt. 6, p. 130, pl. 3, fig. 4. 
1857. 

Fontaine, U. S. Geol. Survey Mon. 6, p. 119, 
pl. 49, fig. 8 [called Araucarites carolinensis 
Fontaine in plate legend], 1883; U. S. Geol. 
Survey 20th Ann. Rept., pt. 2, p. 311, pl. 47, 
fig. 4. 1900. 

Daugherty, Carnegie Inst. Washington Publ. 
526, p. 81, pl. 15, figs. 1, 2. 1941. 

Lepacyclotes ellipticus Emmons, Geol. rept. mid- 
land counties, N. C. p. 332, pl. 3, fig. 6. 1856; 
American geology, pt. 6, p. 129, pl. 3, fig. 6. 
1857. 

Fontaine, U. S. Geol. Survey Mon. 6, p. 118, pl. 
52, figs. 4, 4a [called Araucarites carolinensis 
Fontaine in plate legend]. 1883; U. S. Geol. 
Survey 20th Ann. Rept., pt. 2, p. 311, pl. 47, 
fig. 5; pl. 48. 1900. 

Emmons characterized Lepacyclotes as fol- 
lows: “Disk circular or elliptic and formed of 
numerous scales arranged in a circle or in that 
of an ellipse; scales terminating outwardly in 
triangular points, which form a border outside 
of a circular ridge”. Describing the two species, 
circularis and ellipticus, he added several details: 
“Seales with a ridge upon the back, bounded by 
two shallow furrows or depressions. Sometimes 
furnished with a stem which traverses the disk 
in the direction of its long diameter. ... At first, 
it appeared to me that it was an accidental ac- 
companiment; but having seen it already, three 
or four times, and always lying in this direction, 
I believe it should be regarded as a stem, or 
support of the disk, and that it is part of 
the plant”. He dismissed the idea that Lepa- 
cyclotes might represent a cycad or conifer and 
regarded the plant as something unknown to 
him. 
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Fontaine’s first guess was: “This plant is evi- 
dently a cone of a conifer near to Araucaria.” 
Later he noted a significant fact: “The epidermal 
tissue of the scales, which is in many cases pre- 
served, is exactly like that of Equisetum 
rogersi ...” The word “exactly” here is perhaps 
too strong; but “much” or “very” would be 
appropriate. Fontaine’s second guess, therefore, 
was that the specimens represent parts of a 
horsetail strobilus. 

Daugherty identified his material from the 
Chinle formation (Triassic) in the Petrified For- 
est National Monument near Holbrook, Arizona, 
with that described by Emmons, and concluded 
that it represents “the basal portion of the 
flower of a Williamsonia,” that is, a kind of 
eyeadeoid. As I have not had an opportunity to 
examine Daugherty’s specimens I enter his ci- 
tation in the foregoing synonymy with a little 
hesitation. 

From the evidence about to be submitted it 
ean be concluded that Jsoetites circularis is not 
an araucarian cone, a cycadeoid flower, or a 
horsetail strobilus, but that it represents a quill- 
wort. 

Spores. In Fig. 13, magnified three times, 
the large, round, tetrahedral megaspores can be 
seen matted together as black incrustations. 
Maceration of this material with nitric acid and 
potassium chlorate was not very successful. 
Nevertheless, with a binocular microscope, the 
spores and their triradiate ridges can be seen 
clearly, but other markings are obscure. In Fig. 
8, natural size, of another specimen, faint, 
rounded cavities on both sides of the central 
ridge indicate the impressions of spores. In none 
of this Triassic material, however, have I found 
a specimen that definitely shows microspores, 
but such specimens should be looked for. The 
tetrahedral megaspore, it should be remarked, 
is general in the fern allies. 

Sporangia. As in living [soetes, the spo- 
rangium in the Triassic specimens was at the 
base of the leaf (sporophyll) on the ventral 
(inner) side. This part of the leaf seems to have 
been a more or less distinct segment, for the 
fossil sporangia are often found separately with- 
out traces of the sterile leaf parts but with a 
fairly sharp line showing where the rest of the 
leaf was originally attached. The sporangia are 
somewhat squarish (Figs. 5, 13) but in some 
instances narrowed rapidly to the point of at- 
tachment (Figs. 8, 11). Above the sporangium 
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was a persistent triangular ligule (Fig. 11) some- 
what larger than but similar to those on speci- 
mens (Fig. 3) from the Hanna formation (Ko- 
cene), northeast of Hanna, Wyo. Behind and 
beyond this, distally, the sterile part of the leaf 
continued for an indefinite distance to its tip, 
the nature of which is unknown in these speci- 
mens. No remains of the sterile parts of the 
leaves have been seen, except short fragments 
that sometimes are present at the sides of the 
ligules. Perhaps this part of the leaf, as suggested 
before, was easily detached and lost, or perhaps 
the collections from the Carolina area were not 
made with an eye for such material. Conse- 
quently, it is not known whether or not these 
leaves resembled those of the toothed Cretace- 
ous J. serratus (Figs. 10, 12, and Brown, 1939, 
fig. 5) and the entire or sparsely toothed Terti- 
ary J. horridus (Brown, 1939, fig. 6). They 
should be searched for in future collecting. 

These sporangia are in general larger than 
those of the Cretaceous, Paleocene, and Eocene 
species (Figs. 1, 3, 6, 7) but are arranged in a 
close spiral (Fig. 5, similar to the Paleocene 
specimen, Fig. 4) around a so-called corm or 
stem that is not noticeably lobed as it often is 
in living species. 

Surface features. Magnified 15 times, the 
surface of J. circularis is a fine pattern of minute 
rectangular papillations quite similar to that 
observed on the Cretaceous and Tertiary species 
(Brown, 1939, fig. 4). It also resembles closely 
the surface of Equisetum, another fern ally. 

Other occurrences. Besides the occurrences 
of Jsoetites already referred to or cited in the 
legend to the figures, two others, not here illus- 
trated, need to be reported. One is a corm with 
a circlet of sporangia similar to those shown in 
Figs. 1 and 5. It was collected by H. R. Berg- 
quist, of the U.S. Geological Survey, in 1946, 
from basal Upper Cretaceous ferruginous sand- 
stone (Lewisville member of the Woodbine for- 
mation), 5 miles southeast of Dexter, Texas. The 
second consists of characteristic megaspores ob- 
tained by Duncan Heron, Department of Geol- 
ogy, Duke University, by washing samples from 
outcrops of the Tuscaloosa formation (Upper 
Cretaceous) in North and South Carolina in 
1957. These specimens are at that university. 

Concerning the habit and ecology of Jsoetites 
little is known, but a bit can be conjectured. 
Because the fossils are nearly always associated 
with Equisetum the inference that the living 
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plants were adapted to moist conditions seems Davcuerty, Lyman H. The upper Triassic flora of 
reasonable. The Cretaceous and Tertiary species Arizona. Carnegie Inst. Washington Publ. 526: 


: : . 1-108. 1941 
iently rith rems é t : : . 
we frequently found wi emains of aquatic Emmons, Espenezer. Geologica? report of the mid- 


plants called Trapa?, whose foliage has all the land counties of North Carolina. Raleigh, 1856. 
appearance of having been a floating rosette. _ American geology, pt. 6: 34-39; 99-134. 
The peculiar squarish features seen along the Albany, 1857. 

midline on leaves of Jsoetites are the outward Fonrarne, Witi1aM M. Contributions to the knowl- 
expression of collapsed inner air spaces, and this, edge of the older Mesozoic flora of Virginia. 


. U. S. Geol. Survey Mon. 6: 1-144. 1883. 
>, “4 } - 
coupled with the fact that the ends of the leaves  Bitic: nk hod ne adnate OA. 


were flat and spatulate suggests that the leaves Ebenesers Bamone from the older Mescucie 
were adapted to resting on a water surface, as rocks of North Carolina. U. S. Geol. Survey 
they are in some living species of Jsoetes. Ann. Rept. 20 (2): 277-315. 1900. 
Retnemunp, J. A. Geology of the Deep River coal 
REFERENCES field, North Carolina. U. 8. Geol. Survey Prof. 
BrowN, Rotanp W. Some American fossil plants Paper 246: 1-150. 1955. 
belonging to the Isoetales. Journ. Washington Warp, Lester F. Status of the Mesozoic floras of 
Acad. Sci. 29: 261-269. 1939. the United States. The North Carolina area. 
. Cretaceous fish egg capsule from Kansas. U. S. Geol. Survey Ann. Rept. 20(2): 266— 
Journ. Paleontology 24: 594-600. 1950. 277. 1900. 





Fic. 1.—Isoetites horridus (Dawson) Brown, showing a circle of sporangia, with megaspores and 
microspores, around the corm. U.S.G.S. loc. 5144, in Tin Pan Canyon, northwest of Raton, N. Mex. 
Raton formation (Paleocene). Fig. 2.—J. serratus Brown, Loc. 9332, northeast of Rock Springs, Wyo. 
Mesaverde formation (Upper Cretaceous). Fie. 3.— J. horridus, showing small, pointed ligules above the 
sporangia. Loc. 8548 northwest of Hanna, Wyo. Hanna formation (Eocene). Fic. 4.—J. horridus, south- 
east of Rock Springs, Wyo. Fort Union formation (Paleocene). Fias. 5, 8, 9, 11, 13.—I. circularis (Em- 
mons) Brown, n. comb., showing (5) a corm surrounded by sporangia, (8, natural size, 11, X3), single 
sporangia with ligules and fragments of the sterile parts of leaves, (9, X15) the papillated surface pat- 
tern, (13, X3) part of a corm with sporangia on whose surface can be seen patches of a black incrustation 
consisting of matted, roundish, tetrahedral megaspores. Deep River coal field, southwest of Raleigh, 
N. C. Pekin formation (Upper Triassic). Fie. 6.—J. horridus, showing sporangia with fragments of the 
sterile parts of the leaves and their undulate margins. Loc. 8881, one-half mile northwest of Ramah, 
Colo. Dawson arkose (Paleocene). Fias. 7, 10.—I. serratus, showing (7, X3) sporangia and fragments of 
the sterile parts of the leaves, (10, X3) the spatulate, serrate tip of a leaf. Loc. 9384, north side of Cortez, 
Colo. Dakota sandstone (Upper Cretaceous). Fic. 12.—J. serratus, X3, showing spatulate tip of a leaf 
and undulations along the midline that represent collapsed inner air spaces. Loc. 4806, northeast of 
Rock Springs. Mesaverde formation (Upper Cretaceous). 

Ail figures are natural size except as noted, and all specimens are in the U. 8. National Museum. 
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ICHTHYOLOGY .—Three new species of archibenthic iniomous fishes fron: the 
western North Atlantic. Gites W. Meap, United States Fish and Wildlife 


Service. 


(Received October 13, 1958) 


The species discussed below are repre- 
sented by specimens caught in moderately 
deep water by the United States Fish and 
Wildlife Service vessels Oregon and Silver 
Bay, the Harvard-Havana Expedition of 
the Atlantis, and by several small older col- 
lections in the United States National Mu- 
seum, the Chicago Natural History Mu- 
seum, and the Museum of Comparative 
Zoology, Harvard University. 

I wish here to express my appreciation to 
those who, by supplying specimens for 
study and information about others, have 
contributed to this account: Dr. N. B. Mar- 
shall (British Museum); Loren P. Woods 
and Mrs. Marion Grey (Chicago Natural 
History Museum); William C. Schroeder 
and Mrs. Myvanwy M. Dick (Museum 
of Comparative Zoology, Harvard Uni- 
versity) ; and Dr. Charles R. Robins (Ma- 
rine Laboratory, University of Miami). My 
thanks also go to the scientific staff and 
crew of the M/V Oregon, particularly to 
Harvey R. Bullis, Jr., and Warren F. Rath- 
jen of the United States Fish and Wildlife 
Service, for their hospitality and assistance 
while at sea and for their continued interest 
in the progress of work later based on the 
collections obtained by their vessels. 


Chlorophthalmus brasiliensis, n. sp. 
Figs. 1, 2 


The description which follows is based on 
specimens collected by the U.S. Fish and Wild- 
life Service vessel Oregon during its exploration 
of the coastal shelf of northeastern South 
America (cruise 47; November 1957). This 
cruise made several deep-water stations be- 
tween Venezuela and the Equator, and for- 
tunately these contained representatives of the 
more northern Chlorophthalmus agassizi as well 
as large series of the form described below as 
new. Since I plan to review the infraspecific 
variability in western North Atlantic C. agassizi 
in a later paper, I will restrict my remarks here 
to a comparison of the new species, from off 


Northern Brazil, with the geographically ad- 
jacent population of C’. agassizi. Except for the 
long-nosed greeneye, Parasudis truculentius, no 
other species of chlorophthalmid is known from 
the western North Atlantic. 

Holotype —A specimen 117.0 mm in standard 
length from Oregon station 2082 (see data in 
table): U.S.N.M. no. 156892. 

Paratypes—371 specimens from the following 


Oregon stations; all off northern Brazil. 


2080 02°04'N. lat. 
2081 01°52’N.lat. 
2082 01°51’N.lat. 
2083 01°49’N.lat. 
2084 01°45'N.lat. 


47°00’ W.long. 
46°54'W. long. 
46°50’W long. 
46°48’W. long 
46°46’W.long. 


Nov. 
Nov. 
Nx Vv. 
Nov. 
Nov. 


125 fms. 
175 fms. 
200 fms. 
225 fms. 
275 fms. 


17, 1957 
17, 1957 
17, 1957 
17, 1957 
18, 1957 


TABLE 1.—FREQUENCY DISTRIBUTION OF NUMBER 
or ANAL Fin Rays, Gitt RAKERS, AND Pre. 
DORSAL SCALES IN SAMPLES OF Chlorophthalmus 
brasiliensis FROM OFF BRAZIL AND OF C. agassizi 
FROM SIMILAR DEPTHS OFF VENEZUELA AND THE 
GUIANAS. 


Anal fin rays 


7 8 9 10 
C. brasiliensis (Brazil) 9 | 4 1 
C. agassizi (Surinam) 4 
C. agassizi (British 3 11 
Guiana) 
C. agassizi (Venezuela) | 1 12 
Gill rakers 
Upper | Lower limb Total 
limb | Lower lim ota 
zs eee ss OEY 
|2| 3 | 4|19|20|21/22) 23/22|23| 24|25|26)27 
| | | | 
C. brasiliensis (Brazil) | {41} 9} | 7/28/12) 3) 7/25)12) 5) 1 
C. agassizi (Surinam) 2) 2 2} 2 a 4) 
C. agassizt (British | 1)1: 3) 9| 2 | 4) 8) 2 
Guiana) naw } | 
C. agassizi (Venezuela) 13 6} 3) 4) | 6 3} 4 
Predorsal scales 
ae 12 13 | 4 | 15 
C. brasiliensis (Brazil) 6 | @| mu] 4 
C. agassizi (Surinam) 1 oe 
C. agassizi (British 3 ee ee 
Guiana) 
C. agassizi (Venezuela) |. se 
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Most of these specimens have been deposited 
in the U. S. National Museum (U.S.N.M. nos. 
159358 to 159362). Others are in the collec- 
tions of the Chicago Natural History Museum; 
Museum of Comparative Zoology, Harvard 
University; Academy of Natural Sciences of 
Philadelphia; Natural History Museum, Stan- 
ford University; University of Miami Marine 
Laboratory; British Museum (Natural His- 
tory); Rijksmuseum van Natuurlijke Historie, 
leiden; and the Stichting Surinaams Museum, 
Paramaraibo. 

Diagnosis —The terete form, circular eye of 
moderate size, and prolonged tip of lower jaw 
will distinguish C. brasiliensis from C. agassizi, 
the highly variable species to which I refer not 
only all western North Atlantic specimens which 
I have seen (including C. chalybeius Goode) 
but also the tropical west African C. atlanticus 
Poll. C’. agassizi is composed of several allopatric 
infraspecific populations, and it will be most 
useful here to compare it to the population 
geographically nearest to it. A summary of the 
most apparent characters by which the two 
forms can be distinguished follows: 





Chlorophthalmus agasizzi, 


FROM OFF VENEZUELA AND THE 
GUIANAS 


Chlorophthalmus brasiliensis, 
FROM OFF NORTHERN BRAZIL 





1. Diameter of orbit greater 1. Diameter of orbit less than 
than 40 percent of prepectoral|40 percent of prepectoral length. 
length. | 
2. Length of snout, in per-| 2. Length of snout, in per- 
cent of prepectoral length, lessicent of prepectoral length, 
than (23.37 + 0.189 times pre-|greater than (23.37 + 0.189 times 
pectoral length). |prepectoral length). 

3. Postorbital width of| 3. Postorbital width of head, 
head, in percent of prepectoral|in percent of prepectoral length, 
length, greater than (43.7 +/less than (43.7 + 0.184 times pre- 
0.184 times prepectoral length).|pectoral length). 

4. Length of pectoral fin, in 4. Length of pectoral fin, in 
percent of standard length,|percent of standard length, less 
greater than (24.2+ 0.009 times|than (24.2 + 0.009 times stand- 
standard length). ard length). 

5. Anal fin rays modally 834.) 5. Anal fin rays modally 9. 

6. Total number of gill} 6. Total number of gill 
rakers (both limbs) modally 23.|rakers (both limbs) modally 24. 





7. Number of predorsal| 7. Number of _predorsal 
seales modally 12. scales modally 13. 
| 
Description—The proportional measure- 


ments which follow are expressed in percent of 
standard length and are those of the type, 117.0 
mm in standard length, followed, in parentheses, 
by the range of values found in a series of 20 
paratypes, 93.7 to 132.0 mm in length: 

Length of head, 30.1 (28.7-31.4); width of 
head, measured between the posterior midpoints 
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of the orbits, 14.1 (13.5-14.6); width of head, 
measured between the anterior midpoints of the 
orbits, 10.8 (10.1-11.5). Width of body, meas- 
ured immediately behind the bases of the pec- 
toral fins, 12.9 (11.5-13.5). Depth of body, at 
origin of dorsal fin, 16.0 (14.2-16.0) ; at origin of 
anal fin, 10.9 (10.0-12.2); at origin of adipose 
fin, 10.0 (8.4-10.6); least depth of caudal 
peduncle, 7.0 (6.6-7.6). 

Length of snout, 9.4 (9.0-10.0); length of 
upper jaw, 13.1 (12.3-13.7) ; distance from snout 
to tip of lower jaw (mouth closed), 2.5 (2.2- 
2.6). Horizontal diameter of orbit, 10.9 (10.1- 
11.4); width of bony interorbital, 2.7 (2.7-3.1). 

Distance from snout to origin of dorsal fin, 
36.2 (35.4-37.8); preanal distance, 75.7 (74.5- 
81.3) ; prepectoral length, 29.2 (28.1-31.5) ; pre- 
ventral distance, 40.8 (39.6-42.6). Length of 
base of dorsal fin, 10.7 (10.3-12.2); of anal fin, 
7.3 (6.6-8.0). Length of pectoral fin, 22.8 (22.0- 
24.7) ; of ventral fin, 17.9 (17.6—20.0). Depressed 
height of dorsal fin, 20.1 (19.7-23.2); of anal 
fin, 13.6 (13.5-15.7). Length of upper lobe of 
caudal fin, measured from the base of the first 
upper procurrent caudal ray, — (23.5-26.6). 

D—11. A—9 (occasionally 8 or 10). P— 
16-17. V—9. C—I-17-I. Gill rakers (lower limb 
of anterior arch) —20-23 (usually 21) ; total gill 
raker count (first arch)—23-26 (modally 24). 
Seales in horizontal series (between the upper 
point of the gill opening and the base of the 
mideaudal ray)—51-56. Seales between anus 
and origin of anal fin—18-21; predorsal scales— 
13-14; scale rows between origin of dorsal fin 
and lateral line—7-8. 

Body terete, nearly circular in cross-section 
anteriorly but becoming compressed posteriorly. 
Depth of body, at dorsal origin, 1.9-2.2 in length 
of head. Width of body, immediately behind 
insertion of pectoral fin, 2.3-2.8 in length of 
head. Length of head 3.2-3.5 in standard length. 

Body and suborbital region of head covered 
with imbricate, weakly denticulated cycloid 
scales most of which are usually lost during 
capture. Lateral line scales pierced by a tube 
but otherwise similar to body scales. No promi- 
nent axillary scales; those surrounding pelvic 
base and those in and below the axil of the 
pectoral fin somewhat larger than body scales 
and variously shaped. 

Head broadest immediately behind eye; sides 
of head converging evenly forward to the 
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rounded snout. Tip of snout on a horizontal 
with center of eye and with tip of lower jaw, 
when the mouth is closed. Length of snout 1.1- 
1.2 in diameter of orbit. Lower jaw terminal, 
ending in a horizontal triangular plate. This 
mandibular extension (snout to tip of lower jaw 
with mouth closed) 3.5-4.2 in length of snout. 
Angle of gape just before a vertical from anterior 
edge of orbit. Maxillary ending below anterior 
edge of pupil. Posterior two-thirds of maxillary 
surmounted by a long and slender supramaxil- 
lary. Maxillary broad posteriorly, its rear edge 
convex and sloping downward, forward and in- 
ward. 

Head covered by an extensive network of 
sensory pores which cannot be described satis- 
factorily because of the loss of skin which has 
oecurred in almost all specimens. This system is 
most highly developed on the interorbital re- 
gion. Particularly evident are the pores which 
extend onto the dermal dorsal eyelid, the cireum- 
orbital system, and the scattered series of pores 
on the ventral surface of the head. 

Teeth present on premaxillary, dentary, pala- 
tine and vomer. Tongue, the tip of which is free, 
is edentulous. The terminal part of the lower 
jaw, which extends beyond the upper, bears a 
pair of toothed patches lateral to the edentulous 
median symphyseal ridge. These teeth are small, 
bristlelike and depressible. These patches are not 
continuous with the principal series of mandibu- 
lar teeth. The extreme tip of the lower jaw, 
distal to the symphyseal ridge with its adjacent 
tooth patches, bears no teeth and is pierced by 
a pair of pores, the entrances to a bony tube 
leading to the lower surface of the mandible near 
its tip. These channels continue posteriorly, 





Fie. 1.—Chlorophalmus brasiliensis, holotype, 113.0 mm 
(Drawn by Margaret G. Bradbury.) 
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median to the lower edge of the rami of the 
mandible, passing through at least two pair 
of ossified tunnels. Because of skin !oss, it is im- 
possible to determine whether or not this 
channel, after it emerges from the bone, is 4 
completely enclosed tube; there are no rem- 
nants of such a tube between the ossified tunnels. 
The principal mandibular teeth are minute, de- 
pressible, needlelike and recurved, and form 
band which decreases in width posteriorly. 

The premaxillary teeth are minute, of about 
equal size, slightly recurved and depressible, and 
form a narrow band. Anteriorly this band js 
on the ventral surface of the premaxillary; pos- 
teriorly it is on the lateral face. The two lateral 
knobs of the vomer bear patches of stronger 
teeth, most of which are depressible. Though 
widely separated, these patches are continuous 
with one another, in most specimens, by way 
of a single row of minute teeth along the an- 
terior edge of the vomer. The palatine teeth are 
very small and are restricted to a band along 
the anterior half of that bone. 

The gill rakers on the first arch are flattened 
and of moderate length, that of the longest 
about equal to the diameter of the eye lens, 
and longer than the gill filaments opposing it. 
Rakers on second arch similar but much shorter; 
those on the last two reduced to spine-bearing 
knobs. 

Predorsal distance 2.6-2.8 in standard length; 
preanal 1.2-1.4 in length; prepectoral 3.2-36 
in length; preventral 2.3-2.5 in length. First 
three dorsal rays unbranched, the third longest; 
the depressed height of the fin 1.3-1.5 in length 
of head. First three anal rays unbranched, the 
third longest; the depressed height of anal fin 





in standard length, U.S.N.M. no. 156892. 
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2.0-2.2 in length of head. Length of pectoral 
fin 4.0-4.5 in body length; length of ventral 
fin 5.0-5.7 in length. Except for the bases of 
the caudal rays, all fins are scaleless. 

Coloration—In preservative, the background 
color of the body is yellowish or occasionally 
orange; it is nearly white ventrally, becoming 
brownish dorsally in fresh specimens. The ir- 
regular dark blotches below the midline are 
more prominent in young specimens. Broad 
vertical bands of variable width dorsally. Viewed 
from above, the most prominent of these are 
at the nape, each end of the dorsal fin base, 
midway between dorsal and adipose fins, just 
ahead of the adipose fin, midway between 
adipose fin and procurrent caudal rays, and 
through these procurrents. Narrower bands lie 
between these. The pattern, rather variable, 
fades with preservation in alcohol. 

Tip of lower jaw and edge of upper jaw, 
operculum, linings of pharyngeal and abdominal 
cavities, eye and anus black. Snout and top of 
head dusky, suborbital and to a lesser extent 
ventral surface of head and body punctate. 

A black stripe courses along the entire mid- 
dorsal line, but is most conspicuous between 
the nape and the origin of the dorsal fin. The 
seale rows are delineated by black lines. Fins 
dusky. 


Bathypterois (Bathypterois) bigelowi, n. sp. 
Fig. 3 
Bathypterois longipes (non-Giinther), part, Goode 
and Bean, 1895: 66 (the juvenile recorded from 
Blake st. cxct). 
Bathypterois quadrifilis (non-Giinther), Longley 
and Hildebrand, 1941: 25. 


Bathypterois (Bathypterois) bigelowi is rep- 
resented in the collections of the Chicago Natu- 
ral History Museum; University of Miami Ma- 
rine Laboratory; the Museum of Comparative 
Zoology; and the United States National Mu- 
seum. Although juveniles of this species have 
been present in the National Museum collection 
since the early exploratory activity of the Fish 
Commission steamer Albatross, the identity of 
these has not hitherto been appreciated and 
they have been variously referred to Bathy- 
pterois longipes and B. quadrifilis, species to 
which they bear a close but superficial resemb- 
lance. More recently, the western Caribbean 
exploration of the U. S. Fish and Wildlife 
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Service vessel Oregon (September, 1957) ob- 
tained large series of the new form, and it js 
now apparent that this species is the commonest 
bathypteroid in the western Atlantic and one 
which prefers waters much shallower than most 
of its congeners (260 to 400 fathoms). 

Holotype—A specimen 124.5 mm in standard 
length from the Caribbean Sea off Nicaragua, 
Oregan station 1915 (see data below) ; C.N.H.M 
no. 64435. 

Paratypes—tThe following western North At- 
lantic specimens: 1 specimen, 90.6 mm (no 
precise data, western Carribean), Chicago Nat- 
ural History Museum no. 64422; 10, 88.0-1170 
mm, Oregon station 1906 (12° 19 N., 82° 27 
W.; 325 fms.; Sept. 11, 1957), University of 
Miami Marine Laboratory no. 1998 and 
C.N.H.M. no. 64424; 4, 65.4-106.0 mm., Oregon 
station 1908 (12° 33’ N., 82° 20’ W.; 350 fms,; 
Sept. 11, 1957), C.N.H.M. no. 64426; 9, 803- 
120.5 mm, Oregan station 1909 (12° 35’ N., 82’ 
1¥ W.; 350 fms.; Sept. 11, 1957), C.N.H.M. no 
64427; 1, 73.0 mm, Oregon station 1910 (12 
40’ N., 82° 18’ W.; 350 fms., Sept. 11, 1957), 
C.N.H.M. no. 64428; 1, 74.6 mm, Oregon station 
1911 (12° 44 N., 82° 14” W.; 350 fms.; Sept. 
11, 1957), C.N.H.M. no. 64429; 3, 119.0-1234 
mm, Oregon station 1912 (12° 49’ N., 82° 1¥ 
W.; 325 fms.; Sept. 12, 1957), C.N.H.M. no. 
64430; 1, 98.5 mm, Oregon station 1913 (12° 54 
N., 82° 15’ W.; 300 fms.; Sept. 12, 1957), 
C.N.H.M. no. 64431; 2, 98.8-123.0 mm, Oregon 
station 1914 (13° 06’ N., 82° 13’ W.; 350 fms.; 
Sept. 12, 1958), C.N.H.M. no. 64432; 15 (in ad- 
dition to the holotype), 76.5-129.5 mm, Oregon 
station 1915 (13° 13’ N., 82° 13’ W.; 350 fms. 
Sept. 12, 1957), C.N.H.M. no. 64459 and 
U.M.M.L. no. 1999 {1 sp.); 5, 105.1-126.6 mm, 
Oregon station 1917 (13° 20’ N., 82° 02’ W.; 325 
fms.; Sept. 12, 1957), C.N.H.M. nos. 64436 and 
64437; 6, 79.4-131.0 mm, Oregon station 1952 
(16° 46’ N., 82° 16’ W.; 300 fms.; Sept. 17, 
1957), U.M.M.L. no. 2335. 

Seven additional specimens are available, al 
in very poor condition but undoubtedly referable 
to this species: 4, 45.0-71.5 mm, from south 
Tortugas, Fla. (Longley; U.S.N.M. no. 11724 
and C.N.H.M. no. 42784); 1, 81.5 mm, Johr 
son-Smithsonian Expedition, Caroline station 
1.T.T.13, off the Virgin Islands (18° 33’ 45” N,, 
65° 15’ W.; 300-400 fms.; Jan. 30, 1933), 
U.S.N.M. no. 108292; 1, 137.6 mm, Johnson 
Smithsonian Expedition, Caroline station 3 
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T.T.113, off Puerto Rico (18° 32’ N., 66° 21’ 45” 
W.; 260 fms; Feb. 4, 1933), U.S.N.M. no. 
108261; 1, 49.2 mm, Blake station 191 (25° 33’ 
N., 84° 35° W.), U.S.N.M. no. 47619, and 1, 
89.0 mm long, which was caught at Blake sta- 
tion 154, off Monserat at 298 fms. (MCZ 
27926). 

Recently, the Silver Bay caught a single 
juvenile, 75.0 mm in standard length, in the 
Atlantic off central Florida at station 454 (29° 
1Y N., 79° 58’ W.; 330 fms.; June 12, 1958). 
The principal characters of this fish fit the 
deseription of B. (B.) bigelowi, but in certain 
morphometric features, for example the relative 
length of head, this single specimen differs sig- 
nificantly. Since it was caught off the east coast 









of Florida while most B. (B.) bigelowi came 
from the Gulf of Mexico and Caribbean, it is 
excluded from the account given below. More 
Atlantic material is needed before a satisfactory 
comparison can be provided. This juvenile is 
now in the U. S. National Museum (no. 
156951). 

Diagnosis—Body light in color (possibly 
greenish in life), darker dorsally than ventrally. 
Most of dorsal fin membrane black. Membrane 
between central caudal rays black. A prominent 
black spot at base of upper and lower caudal 
lobes. Membrane connecting lower rays of upper 
pectoral fin black. 

Upper pectoral, outer ventral and lower 
eandal rays prolonged, the tips of the produced 
ventral and caudal rays typically thickened. 
Upper pectoral rays split at a point beyond 
origin of adipose fin. Eight ventral fin rays. 
Second or third anal ray considerably longer 
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Fic. 3.—Bathypterois bigelowi. holotype, 124 mm in standard length, from the Caribbean Sea off 
Nicaragua; C.N.H.M. no. 64435. (Drawn by Mildred H. Carrington.) 


than first or fourth. Usually three rays in upper 
pectoral fin below the uppermost two fused 
and prolonged rays (frequently four lower rays 
in upper pectoral fin in juveniles; occasionally 
two in adults). These lower rays well developed 
and connected by a black fin membrane. Usu- 
ally 9 (8 to 10) rays in lower part of the pec- 
toral fin, none notably stronger than the others. 
Dorsal fin situated over or behind a vertical from 
axil of ventral fin; anal origin well behind end of 
base of dorsal fin. 

Lateral line scales 48 to 55, the lateral line 
continuing onto the caudal fin above central 
caudal ray. Seales behind lower part of pectoral 
fin base not pectinate. Total number of gill 
rakers on first arch 40 or fewer. Eye minute, 
its greatest measure much less than the width of 
the posterior end of the maxillary. 

No notch below caudal peduncle (cf. B. 
phenaz, the notch formed by the most posterior 
ventral procurrent caudal ray). Vertebrae 49 
to 52. 

Description—The description which follows 
is based primarily on the type and ten additional 
specimens from various localities in the western 
Caribbean. Fin ray counts include all speci- 
mens. In the paragraph which follows, the pro- 
portional measurements taken from the type are 
followed, in parentheses, by the range of meas- 
urements found in ten paratypes. All are ex- 
pressed in percent of standard length. 

Length of head, 24.6 (20.9-24.1); length of 
snout, 8.3 (7.6-8.6); length of premaxillary, 
15.6 (13.4-15.4). Horizontal diameter of eye, 
1.4 (1.3-1.7); interorbital width, 8.5 (7.3-8.5). 

Greatest depth of body, 15.5 (12.9-15.8); 














































368 





depth at origin of anal fin, 13.7 (12.1-14.4); 
least depth of caudal peduncle, 8.3 (7.7-9.0). 
Greatest width of body, 8.8 (6.7-8.9). 

Predorsal distance, 43.7 (40.0-45.0); pre- 
anal, 62.6 (57.6-62.0); prepectoral, 19.7 (17.8- 
21.8); preventral, 42.2 (37.3-42.1). Length of 
base of dorsal fin, 13.3 (11.5-13.2); of anal fin, 
7.6 (6.4-8.3). Distance from base of last dorsal 
ray to adipose fin, 22.3 (21.6-23.9); from base 
of last anal ray to ventral procurrent caudal 
ray, 30.7 (30.0-34.7). Length of produced caudal 
ray, 28.5 (22.7-27.7); of longest pectoral ray, 
96.6 (78.1-98.3); of longest ventral fin ray, 
36.7 (29.1-37.2). 

D.—12-13 (13 in 35 specimens, 12 in 17, 11 
in 1). A—9 (8 in 3, 9 in 44, 10 in 6). Lower 
rays in upper pectoral fin—3 (both fins of each 
specimen counted when possible: 2 in 9, 3 in 
92, 4 in 5). Lower pectoral fin—9 (8 in 5, 9 in 
74, 10 in 22). V—S8 (invariable). C—I-16-II 
(invariable). B. R.—11 (infrequently 10 or 12). 
G. R—10-12 + 1 + 22-28 = 33-40. Scales in 
lateral line—48-55. Vertebrae—(in 14 speci- 
mens from Oregon station 1915, western Carib- 
bean) —49-52 (51 in 8 of these specimens). 

Body compressed, snout depressed. Body 
deepest at origin of dorsal fin, 1.5 to 1.8 in 
length of head; depth at origin of anal fin 1.6 
to 2.0 in head; least depth of caudal peduncle 
2.5 to 3.1 in head. 

Cheeks and body scaled; all scales cycloid. 
Lateral line complete, originating at upper point 
of gill opening and terminating on caudal fin 
above central caudal rays. Base of caudal fin 
sealed, all other fins naked. 

Head 4.1 to 4.9 in standard length, nearly 
flat dorsally, rounded anteriorly but with a slight 
indentation at tip to receive symphyseal knob 
of lower jaw. Length of snout 2.8 to 3.3 in head. 
Top of head pierced by nostrils and a pair of 
longitudinal series of pores. Olfactory organ 
well developed, nostrils separated by a mem- 
brane which bears a short flap. 

Eye small, horizontally eliptical and laterally 
directed, much smaller than greatest width of 
maxillary, 3.8 to 6.0 in length of snout. Eye 
relatively larger in juveniles. A horizontal row 
of about four pores below eye. Interorbital 
2.7 to 3.0 in head length. 

Branchiostegal membranes broad and free 
from isthmus, extending beyond rear edge of 
operculum but not reaching insertion of lower 
pectoral fin. Four branchiostegal rays on epi- 
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hyal; seven on ceratohyal. Opercular bones wel 
developed and firm. 

Gill rakers present on all four arches, spin. 
lose, flattened; those near angle of first arch 
about twice the length of the opposing gil 
filaments. 

Length of maxillary 1.6 to 1.8 in head, sur. 
mounted by a thin long supramaxillary whieh 
terminates anteriorly under rear edge of eye. 
Premaxillaries slender and separate from one 
another. Mandible heavy, its outer lower sur 
face pierced by pores. A small edentulous syn- 
physeal knob present. A band of minute teeth 
premaxillary and mandible, both broader ap- 
teriorly. A small patch of minute teeth fre. 
quently but not always present on vomer, and 
an occasional row of very small teeth on pala- 
tine. Tongue toothless. Well developed patches 
of pharyngeal teeth. 

Dorsal fin inserted well behind bases of inner 
ventral rays; predorsal distance 2.2 to 2.5 in 
standard length. First two dorsal rays simple, 
the rest branched. Adipose dorsal well-developed 
and broad, placed about equidistant from end 
of dorsal base and base of upper procurrent 
caudal rays. Anal inserted well behind a verti- 
cal from last dorsal ray; preanal distance 14 
to 1.7 in body length. The first and occasionally 
the second anal ray simple, the second or third 
longer than its neighbors, markedly longer in 
most specimens than those in most bathypteroid 
species. 

Lower two principal caudal rays simple and 
produced,. their ends frequently slightly thick- 
ened. Lower branch of the branched ray im- 
mediately above the simple rays also elongated. 
The segments which form the lower simple 
rays and this lower branch of the first divided 
ray are much shorter than those of the caudal 
rays above them. These segments become shorter 
distally. 

Two outer ventral fin rays simple and pre 
duced, extending beyond base of anal fin in adult. 
Distance between snout and insertion of ver 
tral fin 2.4 to 2.7 in standard length. Upper 
two rays of pectoral fin united basally, sepx 
rate distally, the split posterior to origin 0 
adipose fin. Lower rays of upper pectoral fin wel 
developed and connected by a black fin mem- 
brane. Usually four such rays in the juvenile 
but typically three in the adult. Lower pectoral 
rays (typically 9) well developed and stiffened, 
arching slightly upward, the longer extending 












Nov 


bey« 
rays 
basa 
ard 
C 
gree 
colo 
stip] 
and 
tion 
seale 
surf: 
Mou 
geal 
toral 
conn 
fin, 
large 
and 
R 
ques 
Giin 
at { 
Islar 
mens 
and 
B. bi 
spec! 
bran 
uppe 
longi 
fin ( 
anal 
42), 
at th 
body 
vent: 
Be 
easily 
Atlai 
to wl 
(Hen 
quest 
Roul 
has 
sube: 
1887 
fig. ' 
Bean 
reexa 
caud: 
(Bat 


3, NO. I] 
ones well 


8, spinv- 
irst arch 
sing gil 


ead, sur- 
ry which 
» of eye 
rom one 
wer suI- 
US sym- 
teeth on 
ader an- 
eth fre 
mer, and 
on pala- 
patches 


of inner 
o 2.5 in 
; simple, 
eveloped 
rom end 
ocurrent 
a verti- 
ance 14 
asionally 
or third 
onger in 
ypteroid 


iple and 
y thick- 
ray im- 
ongated. 

simple 
divided 
2 caudal 
» shorter 


nd pre 
in adult 
of vel- 
_ Upper 
y, Sepa 
rigin 0 
fin wel 
n metl- 
juvenile 
pectoral 
tiffened, 
tending 





































November 1958 


beyond end of base of dorsal fin. Lower pectoral 
rays about equal to one another in strength 
basally, Prepectoral distance 4.6 to 5.6 in stand- 
ard length. 

Coloration—Living specimens are probably 
greenish in general body color. The background 
color of specimens preserved in alcohol is white, 
stippled below the midline by small black spots 
and darkened above by diffuse dark pigmenta- 
tio in each scale pocket; the margin of each 
sale pocket is pigmentless. Head and ventral 
surface of body anterior to ventral fin darker. 
Mouth, branchiostegal membrane, and pharyn- 
geal and abdominal cavities black. Lower pec- 
toral fin and ventral fins colorless. Membranes 
connecting lower rays of upper part of pectoral 
fin, dorsal rays, and midcaudal rays black. A 
large conspicuous black spot at base of upper 
and lower caudal lobes. 

Relationships—Bathypterois bigelowi is un- 
questionably most closely related to B. longifilis 
Giinther, a species which the Challenger dredged 
at 520 and 630 fathoms off the Kermadec 
Islands in the South Pacific. Both of these speci- 
mens were large females, about 13 inches long, 
and the species has not since been reported. 
B. bigelowi can be distinguished from Giinther’s 
species by the strong black pigment in the mem- 
brane- which connects the lower rays of the 
upper part of the pectoral fin (colorless in 
longifilis), 9 or 10 rays in the lower pectoral 
fin (cf. 13), the greater length of the second 
anal ray, the total gill raker count (33-40 cf. 
42), the presence of the large, conspicuous spots 
at the base of the caudal lobes and the general 
body coloration, and the more elongate outer 
ventral and lower caudal rays. 

Bathypterois (Bathypterois) bigelowi cannot 
easily be confused with any other known North 
Atlantic bathypteroid species, a preliminary key 
to which follows below. In this key, Bathypterois 
(Hemipterois) nigrescens Parr is considered 
questionably distinct from B. (H.) viridensis 
Roule. Bathypterois (Bathypterois) quadrifilis 
has been described and figured as having no 
subeaudal notch (Giinther, 1878: 184; Giinther, 
1887: 189, pl. 33; Goode and Bean, 1895: 65, 
fig. 75), but I have checked the Goode and 
Bean specimens, and Dr. N. B. Marshall has 
Teexamined Giinther’s Challenger types; a sub- 
caudal notch is present on all. Bathypterois 
(Bathypterois) dubius is probably polytypic. 
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KEY TO THE GENERA, SUBGENERA, AND NORTH 
ATLANTIC SPECIES OF BATHYPTEROID FISHES 


a. Pectoral fin divided into two distinctly different 
parts, the uppermost pectoral ray usually 
stiffened and elongate. Outer ventral and 
lower caudal rays frequently prolonged but 
never longer than the sandard length of the 
fish. Adipose fin usually present (present in 
all known western Atlantic specimens). 

genus Bathypterois 

b. Uppermost pectoral ray not notably thicker 
at its base than its neighbor; all rays of 
upper part of pectoral well developed. Six 

or fewer rays in lower part of pectoral fin. 
subgenus Bathypterois (Hemipterois) 

B. (H.) viridensis Roule 

B. (H.) nigrescens Parr 

bb. Uppermost pectoral ray at least twice as 
thick as that of its neighbor. Lower rays 

of upper pectoral fin poorly developed. 

More than 6 rays in lower part of pectoral 

fin...subgenus Bathypterois (Bathypterois) 

c. Seales behind base of lower part of pectoral 
fin strongly pectinate. Lower ray of lower 
pectoral fin long and strong, conspicuously 
heavier at its base than its neighbor. 
Subcaudal notch present. 
B. (B.) quadrifilis Giinther 
cc. Scales behind base of lower pectoral fin 
not pectinate. Lowermost ray of lower 
pectoral fin not notably thicker than its 
neighbor. 
d. Subcaudal notch present. 

e. Origin of anal fin behind a vertical 
from end of base of dorsal fin. Eight 
ventral rays. ..B. (B.) dubius Vaillant 

ee. Origin of anal fin under end of base 

of dorsal fin. Nine ventral rays. 
B. (B.) phenaz Parr 
dd. No subcaudal notch. 

f. Lower rays of upper pectoral rudi- 
mentary and not connected by a 
black membrane. Interradial mem- 
brane of dorsal fin colorless. Body 
uniformly dark. Caudal lobes dusky 
but without conspicuous black spots 
at their bases. Central caudal rays 
colorless. .B. (B.) longipes Giinther 

ff. Lower rays of upper pectoral fin well 
developed, connected by a mem- 
brane which is black. Interradial 
membrane of dorsal fin black. Body 
darker above than below. A promi- 
nent black spot at bases of upper 
and lower caudal lobes. Membrane 
between central caudal rays black. 

B. (B.) bigelowi Mead 

aa. Pectoral fin not divided into two parts, the fin 

situated high on the shoulder and without 

greatly prolonged rays (none extend beyond 

anal fin). Outer ventral and lower caudal 

rays longer than standard length of fish. No 
adipose fin. 

Benthosaurus grallator Goode and Bean 








Bathytyphlops marionae, n. sp. 


Fig. 4 


It is difficult to imagine a free-living fish more 
degenerate than the species of the genus Bathy- 
typhlops. They are undoubtedly blind, for the 
eyes are vestigial and covered by skin and oc- 
casionally scales; and none of the other sensory 
structures are notably enlarged. They lack the 
elongate tactile rays of the bathypteroids, and 
the small villiform teeth and cephalic luminous 
organ of Ipnops. The “teeth” of Bathytyphlops 
consist of broad rugose grinding surfaces on most 
of the jaw and pharyngeal bones. These fishes 
cannot be active carnivores. But neither can 
they be filter feeders, for the gill rakers, normal 
and flattened in the related species of Ipnops 
and Bathymicrops, are reduced to low dentig- 
erous rudiments. Only that at the angle of 
the gill arch is developed, this excessively so. 
They may perhaps be carrion feeders, although 
their relatively large (180-350 mm) size sug- 
gests nutritional requirements of some magni- 
tude, and it seems unlikely that carcasses of 
sufficient size to warrant the large grinding sur- 
faces are numerous in their habitat. 

The specimens described below are the first 
Bathytyphlops known from the Atlantic. The 
single species heretofore described, Bathytyph- 
lops sewelli (Norman) was caught in the Ara- 
bian Sea at a depth of 3840 to 3872 meters 
(Norman, 1939: 26) and from an unspecified 
Galathea station (Bruun, 1956: 171). These 
western Atlantic records thus extend the range 
of the genus half way around the world and, 
more significantly, into far shallower water, for 
the depths of capture here were 475 and 550 
fathoms (868 and 1,000 meters). 

It gives me pleasure to name this new and 
bizarre species in honor of Mrs. Marion Grey, 
Chicago Natural History Museum, in recog- 
nition of her contributions to the ichthyology of 
the deep sea. 

Holotype—A 279.0 mm specimen caught in 
the Caribbean at Oregon station 1955 (16° 48’ 
N., 82° 33’ W.; 550 fathoms; Sept. 17, 1957) ; 
Chicago Natural History Museum no. 64439. 

Paratype—— A specimen 263.0 mm long taken 
by the Harvard-Havana Expedition at Atlantis 
station 2991 (Strait of Florida north of Cuba; 
23° 21’ N., 80° 23’ W.; 475 fathoms; March 14, 
1938; Museum of Comparative Zoology no. 
39394). 
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Diagnosis—Eye present, minute but pig- 
mented and with a well-developed lens; covered 
by skin but not scales. Pectoral fin 12 or 13; 
dorsal 12 or 13; anal 13-14. 64 or 65 scales in 
lateral line. 

Description —The proportional measurements 
which follow, expressed in percent of standard 
length, are those of the type, 279.0 mm, fol- 
lowed in parentheses by those of the 263.0 mm 
specimen (paratype) : 

Length of head, 23.1 (22.4); length of snout, 
7.5 (6.6); of premaxillary, 17.0 (16.6); diame- 
ter of eye (horizontal): .7 (.8); width of inter- 
orbital, 8.6 (8.5). 

Greatest depth of body, 16.0 (—); depth at 
origin of anal fin, 10.3 (9.9); least depth of 
caudal peduncle, 7.7 (7.2). Greatest width of 
body, 9.4 (9.8). 

Distance from snout to origin of dorsal fin, 
39.1 (40.3); to origin of anal fin, 69.6 (69.0); 
to insertion of pectoral fin, 21.3 (21.7); to in 
sertion of ventral fin, 37.5 (37.9). Length of base 
of dorsal fin, 12.7 (12.2); length of base of anal 
fin, 14.0 (12.4). Anus to insertion of ventral 
fin, 10.8 (—); to origin of anal fin, 22.0 (—). 

Distance from insertion of ventral fin to 
origin of anal fin, 32.4 (33.2); from end of base 
of dorsal fin to that of midcaudal ray, 475 
(48.3); from end of anal base to base of mid- 
caudal ray, 17.6 (17.5). Depressed height of 
dorsal fin, 21.7 (20.1); of anal fin, 19.4 (17.2). 
Length of central caudal ray, 8.6 (10.4); length 
of pectoral, 20.1 (17.1); of ventral, 16.7 (15.4). 

D.—12-13. A—13-14. P.—12-13. V—8. C— 
I-17-I. B.R.—15-17. Scales (lateral line}—64+ 
65; from D. to lateral line—8; from 1.1. to A— 
6. Vertebrae (including hypural)—63-64. 

Body moderately compressed, snout somewhat 
depressed. Body deepest at origin of dorsal fin, 
this depth about 1.4 in head length, about 62 
in standard length. Depth at anal origin 2.2 to 
2.3 in head; least depth of caudal peduncle 30 
to 3.1 in head. Greatest width of body about 1/7 
in greatest depth. 

Entire top of head, cheeks, anterior part of 
branchiostegal membrane and gular membrane, 
entire body, and base of caudal rays scaled, the 
scales (as well as can be determined) cycloid, 
deciduous. (Few scales remain on the two study 
specimens.) A broad sheath of scales extending 
across venter between (and partly covering) 
bases of inner ventral rays. An enlarged rounded 
scale in axil of pectoral fin, and rows of more 
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November 1958 MEAD: THREE 
elongate scales along bases of dorsal and anal 
fins. Lateral line well developed, the scales 
pierced by a longitudinal tube which also opens 
above and below. Lateral line begins above base 
of pectoral fin and ends at base of caudal; it 
does not continue onto the caudal fin. 

Head of moderate size, the lower jaw termi- 
nal. Head 4.3 to 4.5 in standard length. Rear 
margin of head formed by the branchiostegal 
membrane, the rear border of the head (edge 
of gill cover) sloping obliquely downward and 
backward; the most posterior point below the 
posterior half of the base of the pectoral fin. 
Top of head covered by skin and scales, the 
head bones well ossified, the ankyloses poorly 
developed. Olfactory organs well developed, 
slightly closer to tip of snout than to eye. A 
thin tube around anterior nostril, this tube en- 
larged into a flap posteriorly between the nos- 
trils. Behind each posterior nostril are a pair 
of slits which do not communicate with the ol- 
factory cavity; the function of these is not ap- 
parent. Top of head without the ossified pores 
characteristic of many related species. Eye mi- 
nute, covered by skin but apparently not scaled 
over. A few poorly ossified cireumorbital bones 
floating free in skin around eye. Interorbital 
width 2.6 to 2.7 in length of head. 

Branchiostegal membranes broad, free from 
isthmus and from each other, the left over- 
lapping the right. Isthmus relatively broad 
and sealed. Branchiostegal membranes scaled, 
covered anteriorly by a thick, broad and scaled 
transverse gular fold. Branchiostegal rays well 
developed, the uppermost not notably flattened. 
Opercular bones large and well ossified, the 
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operculum ending posteriorly with the well-de- 
veloped suboperculum. 

Gill rakers on first arch consist of one large 
heavy raker at angle, the length of which is 
equal to the distance between the nostrils, and 
basal ossifications (about 6 on the epibranchial, 
12 to 14 on the ceratobranchial) which represent 
rudimentary rakers. These rudiments, the edges 
of the branchial bones, and the enlarged raker 
at the angle are covered by minute short spines 
which provide a rugose surface similar to the 
tooth patches on jaws and vomer. The succeed- 
ing arches bear similar rugose patches, and the 
pharyngeals are completely covered with patches 
of similar although larger teeth. 

Premaxillary long and slender, 1.3 to 1.4 
in length of head. Lower and outer surface com- 
pletely covered with denticles, giving the bone 
a rugose appearance. Maxillary slender for most 
of its length when viewed from the side, but 
expanded in the horizontal plane. Posteriorly, 
the maxillary is expanded vertically and sur- 
mounted by an irregularly-shaped supramaxil- 
lary. A short fleshy flap at posterior end of 
maxillary. No teeth at symphysis of either jaw. 
Palatine, pterygoid and vomerine teeth similar, 
the toothed patches large. The two tooth-bearing 
patches on vomer separated by a deep trough. 
Mandible broad and heavy, its outer lower sur- 
face pierced by the series of pores characteristic 
of many deep-water inioms. Lower edges of 
mandibles well separated from one another (in 
contrast to the situation in the bathypteroids, in 
which the lower edges of the dentaries very 
nearly meet along the mid-ventral line). Ar- 
ticular bone exceptionally long, extending for- 





Fic. 4.—Bakhytyphlops marionae, holotype, 279 mm in standard length, from the Gulf of Mexico 


off Florida; C.N.H.M. no. 64439. (Drawn by Mildred H. Carrington.) 
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ward half the distance from joint of mandible to 
tip of lower jaw. Mandible ending anteriorly 
in a small knob. Symphysis without teeth, 
the rest of the upper surface covered with the 
molariform denticles characteristic of the other 
tooth-bearing bones of the mouth. 

Dorsal fin inserted just behind a vertical from 
predorsal distance 2.5 to 
2.6 in standard length. First two dorsal rays 
simple, the rest branched, the last to its base. 
Distance from dorsal origin to tip of fin when 
fin depressed 4.6 to 5.0 in standard length; 
length of base of dorsal fin about 1.8 in head 
length. Anal origin posterior, preanal distance 
1.4 to 1.7 in standard length; distance between 
end of base of anal fin and base of midcaudal 
ray about 5.7 in standard length. Height of anal 
fin (depressed) 1.2 to 1.3 in head length. Two 
or three rays simple, the remainder branched. 
Caudal fin forked, the lobes equal. 

Prepectoral distance 4.6 to 4.7 in standard 
length. Fin extending to base of ventral fin, 
its length 1.1 to 1.3 in length of head. Upper- 
most two and lower two rays simple. Pre- 
ventral distance 2.6 to 2.7 in standard length, 
the outer ray only unbranched. Length of ven- 
tral fin 1.4 to 1.5 in length of head. Anus about 
a third of the distance from insertion of ventral 
fin to origin of anal. 

Color—lIn alcohol, B. marionae is light with 
dark edges around the scale pockets (the body 
may be wholly dark when the animal is alive and 
with its skin and scales intact). Head dark. 
Branchiostegal membrane, fins, and linings of 
body cavities black. 

Relationship—Bathytyphlops marionae is 
very closely related to the Indian Ocean B. 
sewelli, differing from it in some body propor- 


insertion of ventral; 
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tions and in my features given in the diagnosis 
above. Dr. N. B. Marshall has generously me 
examined the type specimen in my behalf, and 
his comments on the gill raker structure and 
eyes of this specimen are noted here since they 
were omitted from the original account pro 
vided by Norman. Dr. Marshall reports that 
there is an enlarged gill raker (5.5 mm) at the 
angle of the first gill arch, the rest of the raker 
being rudimentary and the gill raker count; 
6 + 1+ 11. The eye rudiment is not absent 
but is barely visible beneath the skin. Its d 
ameter is about 1.5 mm, and there is a narrow 
pigmented ring around the opaque center. In 
gill raker structure, B. sewelli is thus similar to 
B: marionae. The vestigial eye of B. marionae, 
about 2.5 mm in diameter in the 279-mm type, 
is rather larger than that in Norman’s 350-mm 
specimen. 
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The new powers that science has given to man can only be wielded safely 
by those who, whether through study of history or through their own ex- 
perience of life, have acquired some reverence for human feelings and some 
tenderness toward the emotions that give color to the daily existence of 
men and women.—BERTRAND RUSSELL. 
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